RESULTS: Among children aged ,2 years, IPD rates declined by 70% from 67 to 19 per 100 000 person-years in the early-PCV7 era and post-PCV13 era, respectively. Similar decreasing trends in IPD rates were observed in older children aged 2 to 4 years and 5 to 17 years. In the late-PCV7 era, IPD rates in children aged ,2 years were higher in black children compared with white children (70 vs 43 per 100 000 person-years); however, these racial differences in IPD rates were no longer significant after PCV13 introduction. Before PCV13, IPD rates in children aged ,2 years were also higher in east Tennessee compared with middle-west Tennessee (91 vs 45 per 100 000 person-years), but these differences were no longer significant in the post-PCV13 era.
CONCLUSIONS: PCV13 introduction led to substantial declines in childhood IPD rates and was associated with reduced regional and racial differences in IPD rates in Tennessee.
WHAT'S KNOWN ON THIS SUBJECT:
Previous studies have shown racial differences in invasive pneumococcal disease (IPD) rates. Recent studies demonstrated a national decline in IPD rates after 13-valent pneumococcal conjugate vaccine (PCV13) introduction. The impact of PCV13 on racial and regional differences in IPD rates among Tennessee children is unknown.
WHAT THIS STUDY ADDS:
After introduction of PCV13, pediatric IPD rates, including disease due to antibiotic-resistant strains, declined substantially. Racial and regional differences in IPD rates were no longer significant. Our study illustrates the impact of PCV13 and the importance of continued IPD surveillance. Streptococcus pneumoniae is a leading cause of bacterial meningitis, bacteremia, and community-acquired pneumonia in US children. 1, 2 After introduction of the heptavalent pneumococcal conjugate vaccine (PCV7) in 2000, the incidence of pneumococcal diseases declined significantly. [1] [2] [3] [4] While overall invasive pneumococcal disease (IPD) rates declined after the introduction of PCV7, [5] [6] [7] rates of residual IPD caused by non-PCV7 serotypes (particularly 19A) increased. 3 ,8 In February 2010, a 13-valent pneumococcal conjugate vaccine (PCV13) replaced PCV7 in the US routine infant vaccination schedule.
9 PCV13 contains the same PCV7 serotypes plus 6 additional serotypes, including 19A. Before PCV7, IPD rates were higher among black children than among white children. Although these racial disparities decreased in the early years after PCV7 introduction, 13, 14 residual disparities persisted during the PCV7 years because serotype replacement by non-PCV7 serotypes was greater among black subjects than among white subjects. 15 Although several studies have shown a decrease in IPD in the United States after the introduction of PCV13, the impact of PCV13 on racial disparities is unknown. [16] [17] [18] [19] Although regional differences in IPD were reported before the introduction of pneumococcal conjugate vaccines, it is unclear if those differences in IPD rates remain. Specifically, differences between east and middle-west Tennessee have been previously described for IPD caused by antibiotic-resistant strains; in addition, previous regional differences in influenza vaccine use, antibiotic-prescribing patterns, respiratory syncytial virus circulation, and medical utilization have been documented. [20] [21] [22] [23] [24] Interestingly, the demographic composition of the pediatric population in east and middle-west Tennessee is different. The pediatric population in the eastern section is mostly white (82%), whereas the population is more diverse in the middle-west section, with black children comprising ∼37% of the pediatric population. 25 The goal of the present study was to determine the effect of PCV13 introduction on IPD rates, including disease due to antibiotic-resistant strains, and to examine racial and regional differences in IPD rates in Tennessee children before and after PCV13 introduction.
METHODS

Study Population
During Because PCV13 was introduced in 2010, this year was considered a transitional year and was excluded from analyses.
IPD rates were compared by calculating incidence rate ratios (IRRs), and their test-based 95% confidence intervals (CIs) were obtained. 29 We considered that rates were significantly different if the 95% CI of the estimated rate ratio excluded 1. All analyses were conducted in Stata version 13.0 (Stata Corp, College Station, TX).
RESULTS
Patient Characteristics
From 2001 to 2012, a total of 974 cases of pediatric IPD were detected in the Tennessee surveillance areas, with an annual median IPD rate of 17 per 100 000 person-years. The median age of cases was 1.9 years (range: 1 day-17.9 years), with 53% aged ,2 years, 24% aged 2 to 4 years, and 23% aged 5 to 17 years. The distribution of comorbidities was similar among cases in both regions, other than HIV/AIDS and sickle cell, which were present in 1% and 2% of cases in middle-west Tennessee, respectively, and in no cases in east Tennessee. Table 1 presents the racial and clinical syndrome distributions stratified according to region. In east Tennessee, there were more cases detected in the outpatient setting (56%) and more cases of isolated bacteremia (51%) compared with middlewest Tennessee, where only 34% of cases were detected as outpatients and only 37% of cases were due to isolated bacteremia.
Changes in IPD Rates After PCV13 Introduction
Annual IPD rates in Tennessee declined over the study period in all age groups. IPD rates were highest in children aged ,2 years throughout the study period compared with the other age groups (Fig 1) . Among these children, IPD rates decreased by 72% during the study years. Similarly, overall IPD rates in children aged 2 to 4 years decreased by 60% during the study period. IPD rates in children aged 5 to 17 years remained low throughout the study period, with a median of 3 cases per 100 000 person-years.
Changes in IPD Serotype Distribution According to Vaccine Era
Of the 974 patients with IPD, 821 (84%) had isolates serotyped. Nonserotyped isolates were excluded from further serotype analyses. Both the proportion and rate of IPD due to PCV7 serotypes declined steadily from the early-PCV7 era to the post-PCV13 era (Table 2 ). In contrast, PCV13 serotypes represented a fraction of IPD in the early-PCV7 era but caused 56% of IPD in the late-PCV7 era. By the post- IPD rates due to PCV7 serotypes were highest during the early-PCV7 era in children aged ,2 years (Table 2) . By the late-PCV7 era, IPD rates due to PCV7 serotypes declined by 95%, with no PCV7 serotypes identified during the post-PCV13 era (Fig 2A) . Although rates of IPD due to the 6 additional serotypes in PCV13 increased from the early-PCV7 era to the late-PCV7 era, rates of IPD due to the 6 additional serotypes then decreased by 86% in the post-PCV13 era.
Changes in IPD Caused by Serotype Vaccine Groups Among Children Aged ‡2 Years
Overall IPD rates in children aged 2 to 4 years and those aged 5 to 17 years declined during the study period. Specifically in children 2 to 4 years of age, PCV7 IPD rates decreased by 94% from the early-PCV7 era to the late-PCV7 era, with no documented cases due to PCV7 serotypes in the post-PCV13 era (Fig 2B) . In children aged 5 to 17 years, PCV7 IPD rates decreased by 85% from the early-PCV7 era to the late-PCV7 era, with only 1 case of IPD due to a PCV7 serotype in the post-PCV13 era. In children aged 2 to 4 years and those aged 5 to 17 years, PCV13 IPD rates increased during the late-PCV7 era but declined in the post-PCV13 era (Table 2) .
Changes in Racial Differences in IPD After PCV13 Introduction
Disease severity did not differ according to race. However, IPD rates in black children aged ,2 years were significantly higher than in white children aged ,2 years during both the early-PCV7 era and the late-PCV7 (Fig 3) . Although non-PCV rates were higher among black children in the post-PCV13 era, these differences were not statistically significant.
Among children aged 2 to 4 years, IPD rates were higher in black 
Changes in Regional Differences in IPD After PCV13 Introduction
The distribution of grouped vaccine serotypes among IPD cases over the 3 vaccine eras for all children according to region is shown in Fig 4 . In children aged ,2 years, IPD rates were ∼2-fold higher in east Tennessee compared with middlewest Tennessee during the early-PCV7 era (IRR: 1.9 [95% CI: 1.4-2.5]). IPD rates declined in both regions during the late-PCV7 era but remained 2-fold higher in east Tennessee compared with middlewest Tennessee. However, during the post-PCV13 era, IPD rates declined further in both regions, and IPD rates differences were no longer statistically significant between the 2 regions (Table 3 ).
Outpatient and inpatient IPD rates were also compared according to region. During all 3 vaccine eras, outpatient IPD rates were significantly higher in east Tennessee than in middle-west Tennessee in children aged ,2 years. However, inpatient IPD rates in children ,2 years of age did not differ significantly between the 2 regions, suggesting that overall regional rate differences in children aged ,2 years were substantially driven by differences in regional outpatient IPD rates.
Overall IPD rates in children aged 2 to 4 years were also higher in east Tennessee compared with middlewest Tennessee in the early-PCV7 and late-PCV7 eras (Table 3 ). However, this difference was no longer statistically significant in the post-PCV13 era. During the early-PCV7 and late-PCV7 eras, outpatient IPD rates were higher in children aged 2 to 4 years in east Tennessee compared with middle-west Tennessee, but this difference was not significant in the post-PCV13 era. In children aged 5 to 17 years, IPD rates were low throughout the study period and were similar in both regions.
Changes in IPD Caused by AntibioticResistant Strains After PCV13 Introduction
Over the study period, IPD rates due to penicillin-resistant strains in children aged ,2 years were stable at 10 and 9 per 100 000 person years in the early-PCV7 and late-PCV7 eras, respectively but then decreased to 2 per 100 000 person-years (IRR: 0.3 [95% CI: 0.1-0.7]) in the post-PCV13 era. A similar decrease in penicillinresistant IPD rates was noted in the post-PCV13 era in children aged 2 to 4 years. Rates of penicillin-resistant IPD in children aged 5 to 17 years were low throughout the study period.
In children aged ,2 years, IPD rates due to penicillin-resistant strains were significantly higher in east Tennessee compared with middlewest Tennessee during the early-PCV7 and late-PCV7 vaccine eras, but the difference in IPD rates due to penicillin-resistant strains was no longer significant in the post-PCV13 era (Table 4 ). This pattern in children aged 2 to 4 years and 5 to 17 years was less consistent, although the proportion of penicillin-resistant isolates was generally higher in east than in middle-west Tennessee.
DISCUSSION
Since the introduction of the routine vaccination of young children with PCV13, IPD rates in children aged ,2 years in Tennessee have declined to the lowest incidence ever recorded, with a .90% decline from a historical IPD rate of 230 in 1999 to 19 per 100 000 person-years in 2012. 11, 14 Pediatric IPD due to PCV7 serotypes was virtually eliminated during the study period, with no cases noted in children aged ,5 years after 2011.
After the introduction of PCV7, rapid increases in IPD caused by non-PCV7 serotypes, especially 19A, were detected in Tennessee and elsewhere. 11, 30 Despite the overall reductions in IPD a few years after PCV7 introduction, IPD rates remained steady during subsequent years, and serotype 19A accounted for most residual IPD in the late-PCV7 era. 30 In our cohort, 19A
represented 32% of IPD cases in the late-PCV7 era but rapidly decreased in the post-PCV13 era, causing only 7% of IPD cases in 2012. Unlike the post-PCV7 introduction years, during which 19A emerged as a distinct replacement serotype, no single serotype seems to dominate the residual burden of IPD in the post-PCV13 era. The most frequent non-PCV serotypes in the post-PCV13 era were 22F, 33, 12F, and 38. In other studies, serotypes 12F and 22F have also been reported as common residual serotypes after the introduction of PCV13. 16, 31 Decreases in penicillin-resistant IPD rates are likely secondary to decreases in overall IPD rates.
Our study noted racial differences in IPD rates in young children. Previously, Talbot et al  14 reported higher IPD rates in black children compared with white children in Tennessee but then documented a decrease in racial differences 2 years after PCV7 introduction. These same findings were consistent with national data.
14 After extending the study years, our data revealed that during the late-PCV7 era, black children reverted to higher IPD rates than white children, a phenomenon facilitated in part by intense serotype
FIGURE 3
Annual IPD rates per 100 000 person-years in Tennessee according to vaccine serotypes: PCV7, PCV13, and non-PCV in children aged ,2 years according to race, black and white race, during the early-PCV7 ( replacement. After PCV13 introduction, these differences were largely reduced. Non-PCV rates were higher in black children during the post-PCV13 era; however, this finding did not reach significance due to the small number of cases. Inpatient and outpatient IPD rates were consistently higher in black children than in white children (Supplemental Figs 5 and 6) . Continuous surveillance over time will be important to monitor the sustainability of these observations.
Our study also noted regional IPD differences across the state of Tennessee before the introduction of PCV13, with higher IPD rates in the eastern section compared with the middle-west section. These differences cannot be explained by disparities in vaccine uptake because the proportion of children receiving at least 3 doses of PCV vaccine in both areas was similar throughout the Subsequently, some physicians argue that obtaining blood cultures in otherwise well-appearing febrile children is not cost-effective. [34] [35] [36] In future analyses, blood culture practices should be considered when determining and interpreting IPD rates.
The proportion of antibioticresistant isolates was highest in east Tennessee, suggesting that antibiotic utilization may also be different in the 2 regions. The correlation of increased antibiotic utilization and increased antibiotic resistance is well documented and could explain the higher IPD rates due to penicillin-resistant strains observed in east Tennessee. 37 In addition, because the rates of meningitis and hospitalization were similar in east and middle-west Tennessee, we do not believe that the increase in 
CONCLUSIONS
The introduction of PCV13 led to substantial reductions in pediatric IPD rates in Tennessee and elimination of regional differences. Although racial differences in IPD rates initially diminished after introduction of PCV7, these differences reappeared during the late-PCV7 era but were not significant after the introduction of PCV13. Our study highlights the need for continued active surveillance to comprehensively evaluate the impact of this powerful vaccination program.
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